Abstract
Intercomparison system (Billesbach et al. 2004 ). To verify the other two portable systems, we 1 performed side-by-side measurements with all three in a sorghum field in July 2001, using large 2 daytime CO 2 showed no significant differences with RMS deviations of 1.8 µmol C m -2 s -1 , 12 W m -2 , and 11 5 W m -2 respectively. These tests provide sufficiently tight constraints such that the fluxes obtained 6 from the different fields and years of this experiment can be compared confidently. 7
Estimation of Gross Uptake and Respiration 8
We estimated gross primary production (GPP, µmol C m -2 s -1 ) and ecosystem respiration (R eco, , 9
µmol C m -2 s -1 ) from measured net ecosystem carbon exchange by decomposing NEE as 10 (1)- (3) were fit separately to the 9 NEE measured in each field to obtain estimates of R 0 , β, G max , and α in 10-day intervals during 10 the active growing season and for 20-day intervals during dormant periods. We expect the 11 parameters to vary during the season as soil moisture and plant and microbial functions vary. 12 
Aboveground Biomass and Leaf Area 6
The field with the highest maximum AGB was sorghum, while the field with the lowest 7 maximum AGB was the pasture (Table 1) features, but had some differences. First, a sparse covering of Bermuda grass (LAI and AGB 10 were not measured) grew in the winter wheat field (f8), generating a small but measurable CO 2 11 uptake in July 2002. Second, although NEE differed by only ~10% between fields f8 and f20 in 12
2002, NEE in the third winter wheat field (f14) was 20% higher than the other fields. input was small, and also during active growth, when LE was reasonably large, owing either to 20 plant transpiration or soil evaporation. The largest differences in H were observed between early 21 and late season crops during early summer, when winter wheat had been harvested, leaving bare, 22 dry soil and stubble while the summer crops were actively growing and generating large LE. H 1 was typically large and similar in magnitude for all three fields observed during late summer, 2 when plants had mostly senesced. 3
Net Ecosystem Exchange, Gross CO 2 Uptake, and Ecosystem Respiration 4
We separated measured NEE into estimates of GPP, R eco , and NEE using Equation (1)- (3) and 5 measured PAR and T s . Figure 5 shows that measured NEE is reasonably well represented by 6 predicted NEE for a representative 10-day period at the beginning of the active growing season 7 for winter wheat (f8) in respiration likely reflects increased autotrophic maintenance respiration necessary for 23 flowering and seed production (Baldocchi 1994 ). Comparisons of GPP and R eco for the pasture 1 (f21) yielded an R eco intercept and slope similar to that for actively growing winter wheat. 2 Sorghum also yielded an R intercept similar to that of wheat, but with a slope of 4.7 ± 0.8. 3
Estimated Model Parameters 4
Model parameters (G max , α, β, and Ro) were estimated for each 10-or 20-day interval. The 5 seasonal variations in G max and α showed smooth increases in maximum values at periods of 6 peak growth, followed by decreases toward senescence, as observed previously for crops and 7 grasslands (Gilmanov et al. 2003; ). We summarize the parameter values obtained 8 during periods of peak uptake for several of the different fields in Table 2 , noting that the period 9 of peak uptake varied between years. 
Effect of Moisture Stress 4
For several periods during the summer with clear-sky conditions, carbon uptake in the afternoon 5 was significantly lower than uptake in the morning. Figure 7 shows a typical example, in which 6 C uptake in the 2003 sorghum crop decreased by a factor of two from mid-morning to mid-7 afternoon. In these cases, the best fit GPP and R 0 sum to a predicted NEE that is consistently 8 larger than measured NEE. This discrepancy could be caused by some combination of a 9 limitation to afternoon uptake or an increase in afternoon respiration not captured by Equations 10 
Discussion

21
Here we discuss how the results described above provide insight into the importance of land 22 cover and moisture availability for spatial and temporal variations in carbon, water, and energy 23 fluxes. To broaden the geographic scope of our findings, we also explore the relationship 1 between moisture and winter wheat production across the Southern Great Plains, using a 2 statistical analysis of historical climate and agricultural data. there are no readily available maps or data products for land cover or land use that match the 19 temporal resolution of regional model applications (i.e., that are accurate for the modeled 20 period). While it is widely recognized that improved maps specific to season will significantly 21 improve predictions of surface exchanges, we also suggest that they will improve prediction of 22 atmospheric processes such as convection and cloud formation. 23 
1
As illustrated in Figure 4a , the issue of scaling is expected to be particularly difficult in this 2 highly heterogeneous region. Because of the very different phenological timing of different land 3 cover types, regional estimates of NEE, H, and LE will most likely be multipeaked with very 4 complex shapes. Further, each land-cover type contributing to the overall convolution must be 5 weighted in accordance to its relative abundance. These weighting factors themselves will vary 6 on an annual basis, as individual farmers make decisions about what crops to plant. 
Conclusions
21
Based on our surface flux and biomass measurements, land cover dominates the timing and 22 spatial variability of carbon uptake in the Southern Great Plains, because of the distinct and 23 punctuated growing seasons for winter wheat, summer crops, and to a lesser extent, pasture. 1
Within a land-cover type, temporal variability, in the form of interannual differences in 2 productivity correlated with large interannual differences in rainfall, was much larger than spatial 3 variability across fields. Water availability limits carbon uptake and ecosystem respiration for the 4 region in the crop systems we studied. Absorption of solar radiation and the partitioning of net 5 radiation between latent and sensible heat are also strongly influenced by cover type and 6 moisture level. This is largely because they are directly affected by soil moisture, but also 7 because plant cover and transpiration control these fluxes. Because current models do not Tables   1   Table 1 . Field management, yield, and leaf area for fields included in study. * Years with 0 entered indicate crop failed to mature and grain was not harvested for grain. 5 ** Carbon content of AGB was calculated assuming 45% carbon by mass 6 *** LAI is reported as average for 10 day period surrounding peak CO 2 uptake. 7 8 
